Safety and Traffic Design March 2008
Chapter 8 — SAFETY AND TRAFFIC DESIGN
TABLE OF CONTENTS

8.1 L] N A 8-1
8.1.1 Safety PRIlOSOPNY ......cooiiii e 8-1
8.1.2 Safety DeSign POlICY.........covviiiiiiiiee et 8-2
8.1.3 RoAAWAY SAFELY ... 8-2
8.1.4 ROAASIAE SAILY ..o 8-3
8.2 GUIDANCE AND REFERENCES ........ ettt 8-5
8.3 INVESTIGATION PROCESS ... .ottt e e e e e e e e e e e e eees 8-7
8.3.1 Crash DAt@l .......cueeiiiiiiie et 8-7
8.3.2 Traffic Safety StUIES ......uvvviiiiiiiiiiiii e 8-7
8.4 SAFETY ANALY SIS .. ittt ettt e e e e e e st e e e e e e s s snnnrrnreeeeeeeeaaannes 8-8
8.4.1 Crash ANAIYSIS. .....ueeeiiiieeiii e 8-8
8.4.1.1 Crash History .......ooooieiiiee e, 8-8
8.4.1.2 Probable Causes and Safety Enhancement....................... 8-10
8.4.2 Existing Site ConditioNs ANAIYSIS ......ooieiiiiiiieecccee e 8-11
8.4.2.1 Potential Roadside Hazards Review............ccccccvvvveevveennen. 8-17
8.4.2.2 Two-Way Travel on Narrow, Single Lane Facilities ............ 8-19
8.4.2.3 Access Evaluation...........ccccccviiiiiiiiiiiie 8-19
8.424 Turning Movements, Intersection Sight Distance................ 8-19
8.4.2.5 Adequate Facility Capacity ..........cccoeevvrimiieieeiiiiiiieeeeenn 8-20
8.4.2.6 Appropriate, Visible Signing and Marking ..........cccc.c.ceeevee. 8-20
8.4.2.7 Evaluation of Lighting and Traffic Signal Warrants.............. 8-22
8.4.3 Existing Geometric Controlling Features AnalysiS.........ccccccvvceiivieevieeennnnnnn, 8-22
8.4.3.1 Horizontal and Vertical Stopping Sight Distance................. 8-22
8.4.3.2 CrOSS SECHON. . uuutiiiiiiiiiieiiiiit e 8-23
8.4.3.3 Existing Superelevation ...........ccccccceiiiieeeveeeviii e, 8-23
8.4.3.4 Roadway Cross SIOPE ........covvvvvviviiiiiiieiieeieeeeeeeeeeeeeeeeeeee, 8-23

8.4.3.5 Intersection Stopping Sight Distance/Decision Sight
DISTANCE ...ttt s 8-23
8.4.3.6 VertiCal Grades ......coooviiiiiiiiiiiiiie et 8-24
8.4.3.7 Vertical ClearancCe..........cccccvvvveviieiiieiieeeeeeeeeeeeeeeeeeeeeeeee 8-24
8.4.3.8 Structural and Functional Sufficiency............ccccccceiviinnnnee. 8-24
8.4.4 Evaluation of Pedestrian/Multi-Modal Facilities ..............ccccvvviviieiiinniiinee, 8-24
8.4.4.1 Accessibility Requirements ............cccccvvivviiiiiiieeeee 8-25
8.4.4.2 Path Width/Accessibility.............ccccoviiiiiiieeee, 8-25
8.4.4.3 Parking/Trails access from Roadways/Bridges................... 8-25
8.4.5 Safety Evaluation Computer Programs ............cccceeeeeniieiienniineees e 8-25
8.45.1 Interactive Highway Safety Design Model (IHSDM)............ 8-26
8.45.2 Roadside Safety Analysis Program (RSAP) .........cccccvveeenn. 8-26

8.4.5.3 Resurfacing Safety Resource Allocation Program

(RSRAP) ..o en s, 8-27
8.4.6 Road Safety AUItS........ccoooiiiei 8-27
8.4.7 Safety Evaluation REPOIt..........oooviiiiiii e 8-28
Table of Contents 8-i



Safety and Traffic Design March 2008

8.5

8.6

8.7

TABLE OF CONTENTS (Continued)

SAFETY DESIGN ..ottt ettt e e e e e e et e e e e e e e s e nnnteeeeeeeaeeeaaanns 8-29
8.5.1 (DS o] o (ot = oo L 8-29
8.5.2 Defining the ClEar ZONE....... . 8-29
8.5.3 Traffic BaAITIEIS ... 8-30
8.5.3.1 Identifying Needs .........ooovvviiiiiiiiiiieeeeeeeeeeeeeeeeee 8-30
8.5.3.2 Type SeleCtion ......cooooiiiiiii 8-32
8.5.3.3 Design ProCedures ..........cccuvvviiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee 8-34
8.5.34 Bridge RailingS.........ccovvvviiiiiiiiiieieeeeeeeeeeeeeeeee e 8-37
8.5.4 Crash Cushions and End Treatments .........ccccooviiiviiiieiieeennniiiiieeeeee e 8-38
8.54.1 Determination of Need ............coovviiiiiiiiiiiiice e, 8-38
8.5.4.2 Types of TreatMentS ......coooeeeiiieiiee e 8-38
8.5.4.3 Design ProCedures .............ueeeueiiiiiiiiieiiiiiiiiiiieieiieneinneeenneenes 8-38
8.5.5 Traffic CalMming ....coooviiiii e e 8-38
8.5.5.1 Managing SPEEUS ........uvvvreriiriiiiiririiiirriirrr .- 8-39
8.5.5.2 ROUNAADOULS.......ccceiiiei e 8-40
8.5.6 Evaluation of the Design for Weather Conditions...............ccccooeeeieeiieeeen. 8-40
8.5.6.1 SKid RESISTANCE ....ovvviiiiii et 8-41
8.5.6.2 BIACK ICE oo 8-41
8.5.6.3 Snowpack and SNOW StOrage............uevvvvevvrirviennnrennnnnnninnn. 8-41
8.5.6.4 FOg e 8-41
8.5.6.5 Bridge ConditioNS.........ccoviiiiiiiiiiiiieee e 8-42
8.5.6.6 Barrier and Bridge Rail Considerations..................cccevvvvnnen. 8-43
TRAFFIC ANALY SIS .. ittt ettt e et e e e e e e st e e e e e e e e s e nnssnneeaeeaeeeaans 8-44
8.6.1 Traffic DEMANG ... 8-44
8.6.1.1 Average Annual Daily Traffic (AADT)....ccoovveeiiiieiiiiiiiieeeeeeees 8-44
8.6.1.2 Seasonal Variations ............occcuuviiiiieeeiisiiieee e 8-44
8.6.1.3 Peak Hour/Design VOIUMES .........ccoooiiiiiiiiiieceeeeeieeeeee 8-45
8.6.1.4 Trends (Past and Projected) ..........ccveeivieiiiiiiiiiiii e, 8-45
8.6.1.5 ClasSifiCatioNS ........cuvviiiiiiiee e 8-46
8.6.1.6 Traffic Factors (K, D, T) coovvveiiiieeeeee e, 8-46
8.6.1.7 TUrNINg MOVEMENTS ......ovviiiiiiiiiiiiie e 8-47
8.6.1.8 Speed and Delay Data..........cccceeevieieiveeiiiiie e 8-47
8.6.1.9 Conflict StUdY Data ......ceevveeiiiiiiiiiiieieee e 8-47

8.6.1.10 Presentation of Traffic Data (Data required for Highway
Design Standards FOrm) ........cccceevveeviiiiiiiiinie e, 8-48
8.6.2 HIGhWay CapacCity .........eeeeeiieiiiiiiiiiiiie e 8-48
8.6.2.1 Level Of SEIVICE .......uuuiiiiiiiiiiiiiiiiiiiiieiiii e 8-48
TRAFFIC DESIGN ...coiiiieiiiiiit ettt et e e e e e e et e e e e e e e e s e nnnnrreenaaaeeas 8-50
8.7.1 Signing and DeliN@atioN...........couiiiiiiiiiiiiiiiee e 8-50
8.7.1.1 1 T 11 T 8-51
8.7.1.2 Pavement Markings ............uevvvevviiiiiiniiiiiiiiiiieiirinnenne. 8-52
8.7.1.3 Raised Pavement Markers...............uuuueeuueeeiieeieeneeenneenenennnes 8-53
8.7.1.4 RUMDIE STriPS .o 8-54
8.7.2 Traffic SIgNAIS ... 8-54
8.7.3 HTUMINALION Lo e e e e e e aneees 8-55
8.7.4 Highway-Rail Grade CroSSiNgS ......ccooeeviiiiiii e 8-56
8.74.1 Passive Crossing ProteCtion ............ccoecvvvreeeeeeeenesiiiieeee, 8-56

Table of Contents



Safety and Traffic

Design March 2008

TABLE OF CONTENTS (Continued)

8.7.4.2 Active Crossing Protection..........ccccccvvevvviviiiiiiieiieeeieeeeeeeee 8-57

8.7.5 Intelligent Transportation Systems (ITS) ......ccuvviiiiiiieiiiiee e 8-58
8.8 TEMPORARY TRAFFIC CONTROL (TTC) tiiieiiiiiiiiiiiiie ettt 8-61
8.8.1 Temporary Traffic Control (TTC) Plan Development...........ccccvvvvvvvviveninnn. 8-61
8.8.2 Temporary Traffic Control (TTC) Pavement Markings ..........cccccceeevveeennnnns 8-63
8.8.2.1 DefiNItIONS ..o 8-63

8.8.2.2 Unmarked Pavement ..............uuvvviiiviiiiiiiiiiiiniiiniinnnnnnnennnnnnes 8-64

8.8.2.3 Marked Pavement..........ccccviiiiiiiiieeeeeeeeeeeee 8-64

8.8.24 Time Limitations — Roads with the ADT < 1000 ................ 8-65

8.8.2.5 Time Limitations — Roads with the ADT > 1000 ................ 8-65

8.8.2.6 NO EXiSting Markings .....coooeeeviiieiiiiini e e e 8-65

8.8.2.7 One-Lane Paving ............uuuuuiiiiiiiiiiiiiiiiiinins 8-65

8.8.2.8 Special Pavement Markings .........ccccccovviiiiiiiiieeeeniniiee 8-66

8.8.2.9 Diversions and DetOUrS. ...........uuvvuevreeeriiiiiiiriieereinneinnennneennes 8-66

8.8.2.10 State StandardsS .............eeeeeiiiiiiii s 8-66

8.8.2.11 CoNtraCt EMS....cceviiiiie e 8-66

8.8.2.12 CoNtract ProViSIONS .........uuvuueiriiiiiiiiiiiiiiiniiinieieieinnnenenennnnnnnes 8-66

8.8.3 Temporary Traffic Control (TTC) Channelizing DevVices...........cccccuvveeeeeennn. 8-67
8.8.4 Temporary Traffic Control (TTC) Barriers/End Treatments..............cccvvvueee 8-68
8.8.5 Traffic DEIAYS.....ccieeeeeiici e e aen 8-68
8.8.6 Emergency Response CoNnSIiderations ...........ccuuveveveeeeiniiiiriieeeeeee e 8-69

Table of Contents

8-iii



Safety and Traffic Design March 2008

Exhibit 8.4-A
Exhibit 8.4-B
Exhibit 8.4-C
Exhibit 8.5-A
Exhibit 8.5-B
Exhibit 8.6-A
Exhibit 8.7-A
Exhibit 8.8—A

LIST OF EXHIBITS

CONTRIBUTING CIRCUMSTANCES........ooiiiiiiiiiiieiiieeieeeeeeeeeeeeeeeeeeeeeeeeee 8-11
GENERAL CRASH PATTERNS. ..ottt 8-12
SAMPLE ROADSIDE HAZARD REVIEW .........ccccoociiiiiiiiiie, 8-18
SELECTION CRITERIA FOR ROADSIDE BARRIERS..........cccccccviiininnn. 8-32
GUARDRAIL LENGTH REQUIREMENTS ......ccoiiiiiiiiiieeeeeeeeeeeeeee 8-35
HIGHWAY DESIGN STANDARDS FORM TRAFFIC DATA ..., 8-49
GUIDELINES FOR RAILROAD CROSSING PROTECTION .......ccccovvuneee 8-58
TEMPORARY TRAFFIC CONTROL PLAN CHECKLIST ......cccocvvvvviviiinnnns 8-62

8-iv

List of Exhibits



Safety and Traffic Design March 2008

CHAPTER 8
SAFETY AND TRAFFIC DESIGN

8.1 GENERAL

The purpose of this chapter is to provide guidance for evaluating and developing highway safety
alternatives to be incorporated into roadway and structural designs. This includes providing for
the safe accommodation of traffic through construction work zones. The safety guidelines of
any highway facility are primarily a reflection of the attitude of the administration responsible for
the facility and the priority placed on the use of available funds. While the overall objective is
maximum highway safety, environmental and economical restraints may prohibit achieving this
goal. The designer must, therefore, ensure that the design provides the maximum safety
enhancements for each dollar spent.

Agreements have been negotiated with most of the Federal agencies with significant public road
mileage, and they have active programs to meet the applicable guidelines. These interagency
agreements are described in Chapter 2. The FLH Divisions provide technical guidance to many
of these agencies in the design and construction of their roads. In addition, they work to ensure
that objectives of the Highway Safety Guidelines are accomplished.

l Referto | — CFLHD - ] Division Supplements for more information.

8.1.1 SAFETY PHILOSOPHY

In support of the national goals set forth within the US Department of Transportation and the
Federal Highway Administration, FLH is equally committed to reducing the number of deaths
and serious injuries and improving the overall safety of transportation on Federal and Indian
lands. Building on FLH’s strong history in leading context sensitive engineering solutions, FLH
will continue to evaluate individual projects and their appropriate functional classification to
balance the FHWA transportation and safety mission with the land management and resource
protection mission of the Federal Lands Managing Agencies (FLMAs). Appropriate safety
applications are to be incorporated while respecting the resource impacts, historic and cultural
values of the associated facility. This is to be achieved through a collaborative and cooperative
effort between the FLH and the FLMAs. This includes:

° Collection and reporting of accurate and timely crash data,
° Implementation of Safety Management Systems and principles,
° Early consideration of safety in all highway programs and projects,

° The identification and investigation of impacted hazardous locations and features and
establishing countermeasures and priorities to address the identified or potential
hazards,

° Incorporating appropriate safety improvements in all FLH projects, and
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° Systematic upgrading of roadside features and elements will be designed to meet
current nationally accepted standards for crashworthiness.

It is FLH’s conviction that the respective statutory missions of FLH and partner agencies relating
to enhancing safety are compatible. The FLH Vision is “Creating the best transportation system
in balance with the values of Federal and Tribal lands.” This requires a unique effort to build a
harmonic blend of the transportation access and environmental and resource protection
elements of the respective agency missions. FLH is confident that its efforts in providing
partnership, dedicated to addressing public safety concerns and historic and cultural issues,
compliment the unique setting of the projects. The overall goal is to work cooperatively to
integrate safety as a basic business principle in all activities jointly undertaken by the FLH and
FLMAs.

Also refer to Section 9.1.5 for additional information on the FLH highway design philosophy and
Context Sensitive Solutions.

8.1.2 SAFETY DESIGN POLICY

New construction and reconstruction involves the application of appropriate policies, standards,
and criteria in the design and construction of the facility as described in Section 4.4. The
application of those guidelines virtually ensures a reasonable level of geometrics and safety.
Even with their use, however, operational or roadside safety problems may still exist that will not
be identified unless a safety analysis is performed.

The design policy applicable for RRR projects is the same as for new construction and
reconstruction, unless a separate FHWA approved State or local RRR design policy is
applicable to the project. However, because of the limited scope of RRR projects,
reconstruction to meet full standards may not be possible and is generally not intended. When
this occurs, the designer must identify the substandard features and analyze their potential
effect on highway safety. The analysis and proposed mitigation are to be documented as
discussed in Section 9.1.3.

8.1.3 ROADWAY SAFETY

A crash is seldom the result of a single cause. Typically, several influences affect the situation
at any given time. These influences can be separated into three elements:

° The human,
° The vehicle, and
° The environment.

The environmental element includes the roadway and its surroundings. The designer can only
control roadway elements and must make a judicious selection of the roadway geometrics,
drainage, surface type and other related items to lessen the potential for crashes and/or reduce
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the severity should they occur. The ideal design applies appropriate guidelines over a section
of roadway.

The designer should avoid discontinuities in the highway environment. Some examples include:

Abrupt changes in design speeds;

Short transitions in roadway cross section;

Short radius curves in a series of longer radius curves or at the end of a long tangent;
Changes from full to partial access control;

Roadway width constrictions (e.g., harrow bridges, other structures);

Intersections and pullouts with inadequate sight distances;

Hidden sag vertical curves and inadequate sight distance at crest vertical curves; and/or
Other inconsistencies in the roadway design.

Standardizing highway design features and traffic control devices reduces driver confusion and
makes the task of driving easier. Through the use of these standard features, the driver learns
what conditions to expect on a certain type of highway. The goal, if possible, is to design a
highway so that a driver needs to make only one decision at a time. Multiple decisions confuse
and distract a driver.

8.1.4 ROADSIDE SAFETY

When a vehicle leaves the roadway, any object in or near its path may become a contributing
factor to the severity of the crash. The basic concept of a forgiving roadside is that of providing
a clear recovery area where an errant vehicle can be redirected back to the roadway, stop
safely or slow enough to mitigate the effects of the crash.

Consult the AASHTO A Policy on Geometric Design of Highways and Streets (Green Book) and
the AASHTO Roadside Design Guide for guidance on appropriate clear recovery areas.

The designer must evaluate these requirements in conjunction with environmental, contextual
and economic constraints to determine the acceptable clear zone for the traffic, speed and
terrain of the project.

Potentially hazardous features located within the identified clear zone should be treated with
one of the following options, which are listed in order of preference:

1. Remove the hazard.

2. Redesign the hazard so it can be traversed safely.

3. Relocate the hazard to a point where it is less likely to be struck, preferably outside the
clear zone.

4.  When a potential hazard remains in the clear zone, reduce the impact severity by using
an appropriate breakaway device.

5. If the feature is potentially more hazardous than a barrier system that could shield it,
consider installing a barrier system, a crash cushion or both.

General 8-3



Safety and Traffic Design March 2008

6. Ifitis not feasible or practical to shield the hazard, delineate it.
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8.2 GUIDANCE AND REFERENCES

The publications listed in this section provided much of the fundamental source information
used in the development of this chapter. While this list is not all-inclusive, the publications listed
will provide a designer with additional information to supplement this manual:

1.

2.

10.

11.

12.

13.

RDG

MUTCD

SHS

Traffic Engineering
Handbook

Traffic Control
Devices Handbook

HCM

AASHTO SR-3

FHWA SA-93-001

NPS UniGuide
Standards

Forest Service Sign
Manual

Special Report 214

Safety Effectiveness
of Highway Design
Features

NCHRP 350

Roadside Design Guide, AASHTO, Current Edition.

Manual on Uniform Traffic Control Devices for Streets and
Highways, FHWA, Current Edition, with approved revisions.

Standard Highway Signs, FHWA, Current Edition.

Traffic Engineering Handbook,
Engineers, Current Edition.

Institute of Transportation

Traffic Control Devices Handbook, Institute of Transportation
Engineers, Current Edition.

Highway Capacity Manual, Transportation Research Board,
Current Edition.

Highway Safety Design and Operations Guide, AASHTO, 1997.

Roadway Delineation Practices Handbook, Report No. FHWA

SA-93-001, 1994.

UniGuide Standards Manual, US Department of the Interior,
National Park Service, June 2002.

Signs and Poster Guidelines for the Forest Service, USDA
Forest Service, EM-7100-15.

Designing Safer Roads, Special Report 214, Transportation
Research Board, 1987.

Safety Effectiveness of Highway Design Features,

Vol. I: Access Control (FHWA-RD-91-044),

Vol. II: Alignment (FHWA-RD-91-045),

Vol. lll: Cross-Sections (FHWA-RD-91-046)

Vol. IV: Interchanges (FHWA-RD-91-047)

Vol. V: Intersections (FHWA-RD-91-048)

Vol. VI: Pedestrians and Bicyclists (FHWA-RD-91-049)
Federal Highway Administration, Washington, D.C., 1992.

Recommended Procedures for the Safety Performance
Evaluation of Highway Features, NCHRP Report No. 350,
National Cooperative Highway Research Program, 1993.
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14.

15.

16.

17.

18.

19.

20.

21.

Roadside Hardware

FHWA SA-90-017

FHWA-SA-07-010

NCHRP Report 148

AASHTO GL-6
FLH Barrier Guide

AASHTO Green
Book

FP-XX

Countermeaures that Reduce Crash Severity, FHWA Office of Safety

A Users’ Guide to Positive Guidance, Report No. FHWA SA-90-
017, September 1990.

Railroad-Highway Grade Crossing Handbook, Report No.
FHWA-SA-07-010, FWHA, Revised 2nd edition, March 2008.

Roadside Safety Improvement Programs on Freeways — A Cost
Effectiveness Approach, Glennon, J.C., NCHRP 148, 1974.

Roadway Lighting Design Guide, AASHTO, 2005.

Barrier Guide for Low Volume and Low Speed Roads, FLH, 2005

A Policy on Geometric Design of Highways and Streets,
AASHTO, current ed.

Standard Specifications for Construction of Roads and Bridges
on Federal Highway Projects, FHWA, current ed.
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8.3 INVESTIGATION PROCESS

The investigation process begins with the initial consideration and priority given to candidate
projects for safety improvements. FLH Program projects involve the preservation or
improvement of the facility and the enhancement of roadway safety.

The majority of FLH projects involve existing roadways. On existing highways, historical
information relating to the highway’s operation or safety should be analyzed. State DOT's
generally have operational and safety records for the Federal system. Respective agencies
frequently have data for routes on their systems. Unfortunately, on off-system county roads, the
available data may be scarce. This is often due to the low-volume rural nature of the facility. As
a result, many crashes on these facilities go unreported. Information retrieval systems may also
be less developed for these roads. Good sources of information are law enforcement officials,
local maintenance personnel, property owners, local businesses, mail carriers, school bus
companies, etc. A drive through of the project, with a keen eye towards operational or safety
problems, or potential problems, will often detect areas requiring special attention during design.

8.3.1 CRASH DATA

Many State highway agencies maintain computerized crash files. They can provide statistics
regarding statewide rates for fatal, injury and property damage crashes as well as rates on
specific routes. By comparing statistical trends in a given area of the State, the designer may
detect clues to the basic causes or problems that should be addressed during design. For
example, if a proposed FLH Program project were located in a portion of a State that has a
higher than normal run-off-the-road crash rate, further analysis of the types of crashes (e.g.,
skidding) may be warranted.

The designer should review available crash reports to determine if any engineering features
may have contributed to the problem. Law enforcement agencies can usually provide available
crash reports. In the case of the National Park Service (NPS), each park maintains its own
crash reports and in a central Service-wide Traffic Crash Reporting System (STARS). Forest
highway crash data can be obtained through Forest Rangers and sometimes even through
State crash data systems. Contact the Highway Safety Engineer for more information on crash
data sources.

8.3.2 TRAFFIC SAFETY STUDIES

Traffic safety studies, when available, provide excellent references for evaluating safety and
operational characteristics. The NPS has had traffic safety studies performed in many of their larger
parks. The States or other agencies may also have such information available on their systems.
While the content and form of traffic safety studies vary widely, they usually include an introduction
that describes the goals and purpose of the study and defines the study area and project specifics.

Investigation Process 8-7
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8.4 SAFETY ANALYSIS

The extent of appropriate safety enhancements on all projects can be determined by performing
a safety analysis. A safety analysis consists of analyzing potentially hazardous features and
locations; both the project’'s crash history and the list of potentially hazardous locations and
features should be used during the project development process. At a minimum, review this
information on each project where a design exception is requested. The project files should
contain documentation of the safety analysis performed and any improvements or mitigations
taken to enhance safety.

8.4.1 CRASH ANALYSIS

The amount of data available for analysis will vary from project-to-project as well as the level of
detail and accuracy of the data. Therefore, the designer must determine on a case-by-case
basis whether the data furnished for safety analysis purposes is satisfactory.

In some cases, the circumstances may indicate the need to evaluate crash reconstruction. This
involves drawing inferences concerning the interactions of speed, position on the road, driver
reaction, comprehension and obedience to traffic control devices and evasive tactics. Crash
reconstruction uses basic engineering knowledge of vehicle motion analysis, force analysis and
mechanical energy.

8.4.1.1 Crash History

The crash history for the project should be developed and analyzed to determine possible
causes and to select appropriate safety enhancements. Where practical, crashes should be
summarized by location, type, severity, contributing circumstances, environmental conditions
and time period. This will help identify high accident locations (HAL) and may indicate some
spot safety deficiencies.

Depending on how crash information is filed, it may be necessary to record the information first
and then group all crashes occurring at specific locations. This serves to identify HALs.
Analysis of the types of crashes can suggest appropriate corrective action. The use of
computer spread sheet programs will enhance the ability to evaluate this data.

Limited crash data are common on rural two-lane highways with low to moderate traffic
volumes. Data generated from a small sampling can be misleading because they can be
significantly influenced by small variances. The limited amount of this type of data often makes
traditional methods of analysis difficult.

Crash or fatality rates are calculated by a formula consisting of the number of crashes or
fatalities, the time over which the crashes or fatalities occurred, the traffic volume, and the
length of the segment. Crash rates are traditionally shown in crashes per million vehicle
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miles [kilometers] traveled (VMT [VkmT]), while fatality rates are shown in fatals per hundred
million vehicle miles [kilometers] traveled.

The equation for calculating a crash rate is shown below.

Crashes in Period Crash Frequency
Crash Rate = =
Exposure in Same Period Exposure per Unit of Time

Exposure is usually based on traffic volume; which explains why the crash rate for a road may
have many values depending on the analyzed segment (and its associated traffic volume).
Rates from different roads or segments should be compared under similar traffic volume
conditions for a more accurate comparison.

In addition to crash data analysis, a Road Safety Audit may be a more appropriate tool to use
because it relies on an examination of an existing facility as well as reviewing crash data
collected in the past. The procedure for performing this audit is described in Section 8.4.6,
Roadway Safety Audits.

Special consideration should be given to analyzing crash data on RRR projects. To more fully
understand the safety issues, analysis of RRR projects may often require the following special
efforts:

° A study of individual crash reports including those just beyond the project termini,
° A review to relate crash data with field conditions, and

° Interviews with maintenance and/or police personnel. These interviews may reveal
areas where operational problems or minor crashes occur, but are not documented.

Crash analysis study procedures involve determining the significance of the crash history and
developing summaries of the crash characteristics. The project’'s crash rates and summaries
are used to detect abnormal crash trends or patterns and to distinguish between correctable
and non-correctable crashes. Analyses of these summaries are used to identify possible safety
deficiencies of the existing facility.

When summarizing crash data for analysis purposes, adhere to the following criteria:

1. Time Period. Select a time period for the collection of the crash data (e.qg., five years).
The time period chosen should contain reasonably current information on traffic
volumes, pavement condition and other site-related data. Past changes in the character
of the facility (e.g., physical changes, roadside development) are accounted for when
evaluating the crash activity.

2. Direction of Traffic. Examine crash data with respect to the direction the vehicles were
traveling.

3. Location. Examine crash data with respect to location. Crashes occurring within an
intersection area should be separated from those occurring outside the area of influence
of the intersection. In addition, similar crash types occurring in differing situations should
be recorded separately. For example, left-turn crashes into a driveway should not be
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included with left-turn crashes at an intersection. Collision diagrams may be useful in
the analysis.

4. Project Termini. Examine the number of crashes and the crash rates within the project
termini. A comparison of this data with statewide norms for similar facilities should
provide a reasonable indication of the relative safety of the existing roadway.

5.  Compare Crash Statistics. Summarize the crash data and compare it to typical
statistics on similar facilities. A specific crash type categorizes patterns. The
identification of crash-type patterns may be used to suggest possible causes. Consider
the severity patterns to determine if particular roadway or roadside features have
contributed to the overall severity of the crashes that have occurred.

6. Contributing Circumstances. Summarize the contributing circumstances portion of the
crash report. This identifies possible crash causes noted by the investigating police
officer. Contributing circumstances are categorized by:

° Human (driver) factors,
° Vehicle related factors, and
° Environmental factors.

The contributing circumstances information is used to verify, add or delete possible
causes developed by the crash summary by type procedure.

7. Correctable Versus Non-Correctable Crashes. The contributing circumstance data
can be used to separate correctable and non-correctable crashes. In separating the
crashes by these classifications, careful consideration should be made to ensure that the
found on most crash reports and indicates if they are generally correctable or non-
correctable through highway improvements.

8. Environmental Conditions. Summarize crashes by environmental conditions. This
procedure identifies possible causes of safety deficiencies related to the existing
condition of the roadway environment at the time of the crash. Typical classifications
used in the analysis include lighting condition (i.e., daylight, dusk, dawn, dark) and
roadway surface condition (i.e., dry, wet, snowy, icy, unknown). These summaries are
compared to average or expected values for similar locations or areas to determine
whether the occurrence of a specific environmental characteristic is greater or less than
the expected value at the location.

8.4.1.2 Probable Causes and Safety Enhancement

Probable crash causes need to be defined once the crash patterns are identified. On-site or
photolog reviews of field conditions of crash sites are used to reduce the list of possible causes
identified on the crash history to the most probable causes. The probable causes identified can
then be used as a basis for selecting appropriate safety enhancements to alleviate the safety
deficiency. Exhibit 8.4-B is a listing of probable crash causes and possible safety

enhancements. This list is not all-inclusive; however, it does provide a general list of possible
crash causes as a function of crash patterns and appropriate safety enhancements.
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Exhibit 8.4-A CONTRIBUTING CIRCUMSTANCES

Driver-Related

Unsafe speed

Sick

Failed to yield right-of way

Fell asleep

Following too close

Lost consciousness

Improper passing

Driver inattention

Disregard traffic controls

Distraction

Turning improperly

Physical disability

Alcohol involvement

Drug involvement

Vehicle-Related

Brakes defective

Tow hitch defective

Headlights defective

Overload or improper loaded

Other lighting defects

Oversize load on vehicle

Steering failure

Tire failure/inadequate

Environment-Related

Animal on roadway

Holes/deep ruts/bump

Glare

Road under construction/maintenance

View obstructed/limited

Improperly marked vehicle(s)

Debris in roadway

Fixed objects

Improper/nonworking traffic controls

Slippery surface

Shoulders defective

Water ponding

Roadside hazards

8.4.2 EXISTING SITE CONDITIONS ANALYSIS

Hazardous locations or features on existing roadways may or may not be HALs. Many locations
with narrow bridges, slippery pavement, rigid roadside obstacles or other potentially hazardous
conditions have crash potential but may not yet have a crash history. Therefore, it is important
to identify potentially hazardous locations or features in the development of projects. When
crash history is not available, a project listing of potentially hazardous features and locations
may be used to determine the need for safety enhancements.
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Exhibit 8.4-B

GENERAL CRASH PATTERNS

Crash Pattern

Probable Cause

Safety Enhancement

Run-off roadway

Slippery pavement

Roadway design
inadequate for traffic
conditions

Poor delineation

Poor visibility

Inadequate shoulder

Poor or confusing
channelization

Improve skid resistance
Provide adequate drainage
Groove existing pavement

Widen lane/shoulders
Relocate islands

Provide proper superelevation
Install/improve traffic barriers
Improve alignment/grade
Flatten slopes/ditches
Provide escape ramp

Improve/install pavement markings
Install roadside delineators
Install advance warning signs

Improve roadway lighting
Increase sign size

Upgrade roadway shoulder

Improve channelization

Bridges

Alignment

Narrow roadway

Visibility

Vertical clearance

Slippery surface (wet/icy)

Rough surface

Realign bridge/roadway
Install advance warning signs
Improve delineation/markings

Widen structure
Improve delineation/markings
Install signing/signals

Remove obstruction
Install advance warning signs
Improve delineation and markings

Rebuild structure/adjust roadway grade
Install advance warning signs

Improve delineation and markings
Provide height restriction/warning

Resurface deck

Improve skid resistance
Provide adequate drainage
Provide special signing

Resurface deck
Rehabilitate joints
Regrade approaches
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Exhibit 8.4-B GENERAL CRASH PATTERNS
(Continued)
Crash Pattern Probable Cause Safety Enhancement
Bridges (cont.) Inadequate barrier system | Upgrade bridge rail

Upgrade approach rail/terminals
Upgrade bridge - approach ralil
connections

Remove hazardous curb

Improve delineation and markings

Overturn Roadside features Flatten slopes and ditches
Relocate drainage facilities
Extend culverts

Provide traversable culvert end
treatments

Install/improve traffic barriers

Inadequate shoulder Widen shoulder
Upgrade shoulder surface
Remove curbing/obstructions

Pavement feature Eliminate edge drop-off
Improve superelevation/crown
Parked vehicles Inadequate road design Widen shoulders
Fixed object Obstructions in or too Removel/relocate obstacles
close to roadway Make drainage headwalls flush with side
slope

Install breakaway features to light poles,
signposts, etc.

Protect objects with guardrail
Delineation/reflectorized safety hardware

Inadequate lighting Improve roadway lighting

Inadequate pavement Install reflectorized pavement lines/raised
markings, signs, markers

delineators, and guardralil Install reflectorized paint and/or reflectors

on the obstruction
Add special signing
Upgrade barrier system

Inadequate road design Improve alignment/grade
Provide proper superelevation
Install warning signs/delineators
Provide wider lanes

Slippery surface Improve skid resistance
Provide adequate drainage
Groove existing pavement
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Exhibit 8.4-B GENERAL CRASH PATTERNS
(Continued)
Crash Pattern Probable Cause Safety Enhancement
Sideswipe or Inadequate road design Provide wider lanes
head-on Improve alignment/grade

Provide passing lanes
Provide roadside delineators
Sign and mark unsafe passing areas

Inadequate shoulders Improve shoulders

Excessive vehicle speed Install median devices

Inadequate pavement Install/improve centerline, lane lines and
markings edge lines

Install reflectorized markers

Inadequate channelization | Install acceleration and deceleration
lanes

Improve/install channelization
Provide turning bays

Inadequate signing Provide advance direction and warning
signs
Add illuminated signs

Access-related Left-turning vehicles Install median devices

Install-two-way left-turn lanes

Improperly located Move driveway to side street

driveway Install curbing to define driveway
locations

Consolidate adjacent driveways

Right-turning vehicles Provide right-turn lanes
Increase width of driveways
Widen through lanes
Increase curb radii

Large volume of through Move driveway to side street
traffic Construct a local service road

Large volume of driveway | Signalize driveway

traffic Provide acceleration and deceleration
lanes

Channelize driveway

Restricted sight distance Remove obstructions

Inadequate lighting Improve street lighting
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Exhibit 8.4-B

GENERAL CRASH PATTERNS

(Continued)

Crash Pattern

Probable Cause

Safety Enhancement

Intersection
(signalized/
unsignalized) left
turn, head-on, right
angle, rear end

Large volume of left/right
turns

Restricted sight distance

Slippery surface

Large numbers of turning
vehicles

Inadequate lighting

Lack of adequate gaps

Crossing pedestrians

Large total intersection
volume

Excessive speed on
approaches

Inadequate traffic control
devices

Poor visibility of signals

Widen road
Channelize intersection
Install STOP signs
Provide signal

Increase curb radii

Remove sight obstruction

Provide adequate channelization
Provide left/right-turn lanes

Install warning signs

Install STOP signs

Install signal

Install advance markings to supplement
signs

Install STOP bars

Improve skid resistance
Provide adequate drainage
Groove pavement

Provide left- or right-turn lanes
Increase curb radii
Install signal

Improve roadway lighting

Provide signal
Provide STOP signs

Install/improve signing or marking of
pedestrians crosswalks
Install signal

Install signal
Add traffic lane

Install rumble strips in travel lane

Upgrade traffic control devices

Install/improve advance warning signs
Install overhead signals

Install 12 in [300 mm] LED signal lenses
Install visors/back plates

Relocate signals

Remove sight obstructions

Add illuminated/retroreflectorized signs

Safety Analysis
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Exhibit 8.4-B

GENERAL CRASH PATTERNS

(Continued)

Crash Pattern

Probable Cause

Safety Enhancement

Intersection (cont.)

Unwarranted signals

Inadequate signal timing

Remove signals

Upgrade signal system timing/phasing

Nighttime

Poor visibility or lighting

Poor sign quality

Inadequate channelization
or delineation

Install/improve street lighting
Install/improve delineation/markings
Install/improve warning signs

Upgrade signing
Provide illuminated/retroreflectorized
signs

Install pavement markings
Improve channelization/delineation

Wet pavement

Slippery pavement

Inadequate drainage

Inadequate pavement
markings

Improve skid resistance
Groove existing pavement

Provide adequate drainage

Install raised/reflectorized pavement
markings

Pedestrian/bicycle

Limited sight distance

Inadequate protection
Inadequate signals/signs
Mid-block crossings

Inadequate pavement
markings

Lack of crossing
opportunity

Inadequate lighting
Excessive vehicle speed

Pedestrians/bicycles on
roadway

Long distance to nearest
crosswalk

Remove sight obstructions
Install/improve pedestrian crossing signs
and markings

Add pedestrian refuge islands
Install/upgrade signals/signs
Install warning signs/markings

Supplement markings with signing
Upgrade pavement markings

Install traffic/pedestrian signals
Install pedestrian crosswalk and signs

Improve lighting
Install proper warning signs

Install sidewalks

Install bike lanes/path
Eliminate roadside obstructions
Install curb ramps

Install pedestrian crosswalk
If warranted, install pedestrian actuated
signals
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Exhibit 8.4-B

GENERAL CRASH PATTERNS

(Continued)

Crash Pattern

Probable Cause

Safety Enhancement

Railroad crossings

Restricted sight distance

Poor visibility

Inadequate pavement
markings

Rough crossing surface

Sharp crossing angle

Remove sight obstructions
Reduce grade

Install active warning devices
Install advance warning signs

Improve roadway lighting
Increase size of signs

Install advance markings to supplement

signs
Install STOP bars

Install/improve pavement markings

Improve crossing surface

Rebuild crossing with proper angle or

offset

8.4.2.1

Conduct a site investigation of the roadway project.

Potential Roadside Hazards Review

Document all potential roadside hazards

that are outwardly visible, and include those documented in previous reports that still exist in the

Document not only those elements that appear to be a potential hazard, but identify all of the
site elements that point to past problems or items that required maintenance. Some examples

include:

° Locations of skid and tire marks, indicating where abrupt turns or stops were required;

° Damaged guardrail sections;

° Recently replaced signs, poles and barriers (indicating that something may have struck
the previous feature);

° Dips or bumps in the pavement;

° Scars in the pavement (showing locations either rocks/debris have fallen, or where
hitches/bumpers have scraped due to poor vertical alignment, grade or cross slope);

and/or

° Visible signs of impacts to the bottoms of bridges or overhead structures (showing a lack
of vertical clearance for the vehicles using the roadway).

Safety Analysis

8-17



Safety and Traffic Design March 2008

Exhibit 8.4-C SAMPLE ROADSIDE HAZARD REVIEW
Page 1 of 1
State: Montana Prepared by: Paul Schneider
County: Flathead Date: May 19, 1996
National Forest/Park: Glacier National Park
Highway Route: US Route 2 Limits: __193+116 to 202+128 Length: _9.0 km
General Location: Beginning 1 km south of Camas and extending north to top of
gravevard hill at Essex.
Hazard Location

ltem Offset Description of Hazard | Action Cost Remarks

Station

(m)

1 193+438 6.0 Rt 100x100 wood sign post Yes $90 | Relocate to backslope

2 194+082 4.9 Rt 100x100 wood sign post Yes $90 | Relocate to backslope

Concrete culvert

3 194+243 5.5 Lt Yes $ 500 | Replace existing culvert
headwall
I -
4 | 104+323 | agre |CoOncreteculer Yes | $600 |Replace existing culvert
headwall

Mailbox in no-passing
zone

5 194+564 3.7 Lt Widen | $1000 | Provide mailbox turnout

Two 100x150 wood sign

6 | 1944886 | 43Rt | sis (not drilled)

Yes $50 | Drill posts

Lengthen culvert —
7 195+530 49 Lt Abrupt culvert ends Yes $ 250 | provide metal end
sections

Mailbox - good sight

+ . . - [ ight-of-
8 196+013 4.6 Lt Distance No Tight right-of-way
Abrupt approach road Extend approach culvert
+ .
9 196+013 Sslt Culvert ves $ 600 and flatten slope to 1:10
196+174 .
10 to 6.7 Rt Steep fill slope None - gz;fgrsatif ffective
196+656
11 197+300 6.0 Lt Concrete culvert Yes $ 500 | Replace and extend
headwall
12 198+105 55 Rt Abrupt approach road Yes $ 600 Extend culvert and
Culvert flatten slope to 1:10
13 | 200+680 | 43Rt |Concreteculvert Yes | $500 |Replace existing culvert
headwall
14 201+645 3.7 Lt Mailboxes (4) Widen | $2500 | Provide mailbox turnout
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8.4.2.2 Two-Way Travel on Narrow, Single Lane Facilities

While not desirable, two-way travel on a narrow roadway cannot always be avoided, especially
if widening the roadway would significantly interfere with the context of the adjacent landscape.
When reviewing these facilities, document in particular where sight distance needs are critical
issues. Rather than widening the entire roadway, perhaps only widening through the curves is
necessary, especially if there is a low history of crashes on the facility.

8.4.2.3 Access Evaluation

Access management seeks to improve traffic distribution, reduce vehicle conflicts and reduce
crashes by providing better access control. Better access control can be achieved by
combining, reducing and improving safety elements of access points. The result is a roadway
that functions safely and efficiently for its useful life, and creates a more attractive corridor. A
good access management plan can offer a great combination among operation, geometric
design and safety.

8.4.2.4 Turning Movements, Intersection Sight Distance

Evaluation of existing site turning movements, whether into a driveway, within a site facility (i.e.
an entry station, parking lot, bus pullout, etc.), or at an intersection, includes a review of the
geometry to make the turn and the ability to see oncoming traffic to safely make the turning
movement. Evidence that either of these conditions is not adequately available is the existence
of tire marks over a curb, heavy wear either on or beyond the shoulder, or skid marks leading to
the intersection.

Evaluation of the sight distance at intersections includes the geometry of the intersection, the
traffic control at the intersection, and driver behavior. Sight distance is affected by sight
obstructions. Examples of sight obstructions at intersections include:

Buildings

Parked or Turning Vehicles

Landscaping and Trees

Intersection Signing Panels and Light Poles
Fences

Retaining Walls

Graded Slopes too close to the Mainline
Vertical Grades of Approaching Roadways

Intersection sight distance (ISD) is the minimum sight distance required for drivers to safely
negotiate intersections, including intersections with or without stop controls or traffic signals.
Refer to Section 9.3.7.5 for more information.

Decision sight distance (DSD) is the length of road a driver needs to receive and interpret
information, select an appropriate speed and path and begin and complete an action in a safe
maneuver. This distance is greater than the distance needed to simply bring a vehicle to a stop,
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and provides for a reasonable continuity of traffic flow. Use DSD for the approach to
intersections if it is greater than the ISD. Refer to Section 9.3.7.3 for more information.

The speed at which vehicles approach and move through an intersection, along with the design
vehicle used, are the primary factors which influence the minimum dimensions of intersection
design. Features such as minimum sight distance, curve radii, and lengths of turning and
storage lanes, directly relate to the design speed and design vehicle. Refer to Section 9.3.14 for
geometry guidelines at an intersection.

8.4.25 Adequate Facility Capacity

Capacity is a term that indicates the ability of a specific facility to fulfill a specific function. For
roadways, it generally means the amount of traffic that can pass by a specific point on a
roadway or through an intersection. For evaluating these situations, the Highway Capacity
from moving, resulting in vehicles queuing on the mainline. Queuing of traffic on the mainline
that results from restricted access off of the main roadway, queuing at a toll/fee facility, and/or
vehicles stopping and accumulating at an overwhelmed intersection typically requires analysis
developed for that particular activity, and may require individual traffic studies that are unique for
a given application.

If the mainline traffic is routinely restricted, evaluate the site to see if sufficient warnings are in
place to alert the driver of the potential restriction. This is particularly important if the facility or
the queued traffic is in any way hidden from the oncoming mainline traffic (i.e., located around a
bend or curve). If the mainline traffic is not supposed to be delayed, such as traffic leaving the
mainline to enter a facility through a driveway or intersection, evaluate whether a separate
turning lane is necessary. Such a facility should provide enough storage to allow the queued
vehicles to get off of the mainline and not obstruct the through traffic.

When evaluating facility capacity, also review the site for adequate storage and operation of
pedestrian facilities as well. This is particularly important around trailheads and visitor facilities
where parking may be on one side of a roadway or access, and the attraction on the other.
Similar to queued traffic, pedestrians will only be delayed for a limited period of time before they
decide to reduce their necessary decision sight distance.

8.4.2.6 Appropriate, Visible Signing and Marking

Provide appropriate, visible signing and marking in accordance with the MUTCD in plans,
specifications and estimates (PS&E). Design all PS&Es using the current edition of the

Evaluation of existing signing and markings is not only a review of the appropriate placement of
these elements, but a review of their functionality and condition with respect to their current
location. For evaluating proper application signing and markings, refer to the MUTCD, which
discusses signs, including Regulatory, Warning, Guide, Specific Service, Tourist Oriented
Direction Signs, Recreational and Cultural Interest, and Emergency signs. The MUTCD also
discusses pavement markings on all types of facilities. It is used as a standard so that all
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drivers can understand the consistent use, meaning and purpose of every traffic control device.
documents (e.g., USFS, State, etc.) should also be used for additional guidance when
evaluating individual signs. Upgrading pavement markings and signing to MUTCD requirements
can reduce crashes and help guide motorists. This is especially important when motorists are
unfamiliar with the roadway.

The retroreflective sheeting on sign panels gradually deteriorates over time making signs less
visible at night. The MUTCD requires that traffic signs be illuminated or retroreflective to
enhance nighttime visibility. Sign sheeting does not have a life expectancy that matches typical
project design life. Therefore, replace all permanent regulatory (black on white / white on red),
warning (black on yellow), and destination and directional guide (white on green / white on
brown ) signs with new panels conforming to the MUTCD. Although all signs are required to be
retroreflective and maintained, the following signs may be excluded from the above
retroreflectivity replacement policy and should be evaluated on a project by project basis to
determine the need for replacement:

° Parking, Standing, Stopping signs,
° Walking/Hitchhiking signs,
° Adopt-A-Highway signs,

) Blue/brown background information signs, including educational plaques and
recreational and cultural interest area symbol signs, and

° Bikeway signs for exclusive use by pedestrians/bicyclists.

Projects can be exempted from this sign replacement policy if there are already plans for
another agency to replace the signs in the very near future.

In addition to review of the appropriate application of these elements, also review the following:

° Visibility/location of signs/markings. It is important that the motorist can see the sign or
pavement marking, so that it can be clearly seen and reacted to (such as a warning sign
placed an adequate distance from the safety condition, such as a Stop Ahead sign in
advance of a Stop sign). Advance warning sign distances as well as other appropriate
information are discussed in the MUTCD.

) Size of text/font on signs appropriate for posted speed. Similar to visibility, the text/font
must be appropriate for the driver to read while moving at the design speed. The

text/fonts.

° Light screening. Visitor facilities, especially those with heavy pedestrian use, will
incorporate site lighting. Occasionally, the projection of the lighting can interfere with the
driver’'s ability to see. Lighting at athletic facilities in particular can blind a driver if they
look directly at these fixtures. If the site has extensive use of specialty or flood lights,
evaluate their location and projection at night to see if these facilities impair a driver’s
ability to see the road, signing, markings, and pedestrians. Occasionally, screening is
warranted to block the lighting from obstructing the driver’s view.
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8.4.2.7 Evaluation of Lighting and Traffic Signal Warrants

A careful analysis of traffic operations, pedestrian and bicyclist needs, and other factors at a
large number of signalized and unsignalized locations, coupled with engineering judgment, has

Guide, which includes a similar discussion on lighting warrants.

8.4.3 EXISTING GEOMETRIC CONTROLLING FEATURES ANALYSIS

Refer to Section 4.4 for determination of current design standards and controls that are
applicable to the project.

Many existing highways do not meet current design standards and have safety deficiencies
when compared to the current design standards of the AASHTO Green Book. The amount of
upgrading necessary to bring an existing facility to current design standards has been a
continuing concern.  This concern was recognized in the 1982 Surface Transportation
Assistance Act, Section 101(a), which emphasized safety by stating that RRR projects “shall be
constructed in accordance with standards that preserve and extend the service life of the
highways and enhance highway safety.” Although the primary objective of RRR projects is to
restore the structural integrity of the existing roadway, both the safety and capacity of the facility
should be reviewed and enhanced, when required.

To properly review an existing roadway for conformance to current and acceptable design
criteria, the following factors should be evaluated. If the feature is within the current design
guidelines, no changes are necessary. If the feature does not meet the current standards, it
should either be improved or documented to warrant a design exception. Economics,
anticipated growth, crash history, program schedules, time, manpower, etc., may have some
bearing prior to final determination.

8.4.3.1 Horizontal and Vertical Stopping Sight Distance

As-built plans are normally the best source of data available for evaluation of existing horizontal
curves and vertical profile alignments. In some instances, hard copy maps or other survey
information may be available in the absence of as-built plans. Once the existing alignment has
been determined, the AASHTO Green Book can be utilized to determine the theoretical
adequacy of the existing horizontal alignment and the vertical profile. Refer to Section 9.3.7.2
for more information on Stopping Sight Distance (SSD).

Stopping sight distance on horizontal curves is an important feature that should be closely
observed during the initial field review. During the drive through the project, features that would
appear to restrict horizontal and vertical sight distance (e.g., narrow cut ditches, trees,
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outcroppings) should be observed. Measurements can be taken during the field visit to
determine if restrictions do exist or additional data can be requested as needed.

8.4.3.2 Cross Section

Lane width and shoulder width on an existing roadway can be determined by researching the
as-built plans or by actual field measurement. During the field reviews, lane and shoulder
widths should be observed and verified as necessary to determine how the existing widths
compare with AASHTO guidelines. Refer to Section 9.3.8 for more information.

8.4.3.3 Existing Superelevation

While the horizontal curvature shown on as-built plans is generally very reliable, the
superelevation data cannot be relied upon because revisions to superelevation during
construction may not have been well documented. Also, subsequent overlay projects and
maintenance work may have changed the original superelevation.

Since as-built superelevation data may not be reliable, other means of reviewing superelevation
are needed. It is not the intent to field survey each curve to determine actual values; however,
the following actions should be performed during the initial field review:

° Observe the comfort level of the existing curves as they are driven through at the posted
speeds.

° Arrange to review any particular problem areas in more detail (e.g. discuss with the
maintenance foreman responsible for the area).

8.4.3.4 Roadway Cross Slope

AASHTO has established guidelines for ranges of cross slopes for various roadway
classifications. See Section 9.3.8.4.1 for the FLH standard practice regarding cross slope. The
primary consideration on cross slope is to provide adequate pavement drainage. This item
should be addressed by visual observation during the site visit. Also, agency maintenance
representatives should be asked to provide any historical information in regard to problems with
cross slope, ponding on the pavement or irregular shape of the cross section.

In some instances, the existing pavement cross section may have become distorted due to
several overlays and/or maintenance treatment. |If this is the case, the new pavement design
should consider alternatives (e.g., additional removal, milling, total reconstruction) for the
pavement section. This should be coordinated closely with the materials team and should be
included as part of their pavement evaluation process.

8.4.3.5 Intersection Stopping Sight Distance/Decision Sight Distance

The at-grade intersections of the through facility with intersecting roads should be reviewed for
adequacy of sight distance during the initial field review for the project. If there appears to be a
potential problem with sight distance, the sight distance may need to be determined on site.
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Consideration should be given to modifications of obstructions occurring within the sight
triangle. The location of the intersection on the vertical alignment is also an important factor.
See Section 9.3.7 for more information on sight distance requirements.

8.4.3.6 Vertical Grades

The existing profile on a route can be determined by a review of the as-built plans. The review
of the vertical alignment and stopping sight distance will provide some indication of grades that
may need further evaluation. In general, AASHTO has established guidelines for suggested
maximum grades for various roadway classifications.

8.4.3.7 Vertical Clearance

Underpass clearances at bridge structures should be verified through a review of the bridge
inspection or maintenance reports. Existing clearances can then be compared with the
AASHTO recommended clearances. Whenever a change in the existing profile grade on an
existing route is being contemplated, the vertical clearances at existing structures should be
reviewed to determine how the proposed changes in profile (e.g., overlay, mill) affect the
clearance. @ AASHTO provides recommended vertical clearances for various roadway
classifications.

8.4.3.8 Structural and Functional Sufficiency

Bridge width is defined as the minimum clear roadway width on the bridge as listed under the
column heading “Curb to Curb” of the Bridge Record. For all existing bridges contained within
the project limits, the bridge width should be compared with the AASHTO guidelines. AASHTO
provides bridge width criteria for the various functional roadway classifications.

Structural sufficiency is determined in part by the maintaining agency, but is generally desirable
to achieve an HS20 [MS-18] load rating, regardless of the functional classification of the
roadway. AASHTO provides structural capacity criteria for the various roadway functional
classifications. Refer to Chapter 10 for guidance on rating structural capacity.

Functional sufficiency is the adequacy of the bridge to carry the traffic volume and speed from
an operational and capacity standpoint. Refer to the Green Book for guidance on the overall
clear roadway width and design speed recommended for the particular functional classification
and design traffic volume.

And finally, the bridge barrier type and sufficiency should be evaluated. For information
regarding bridge barrier and off-bridge transition features (e.g., barrier curbs, walkways and
roadside barriers) refer to the RDG.

8.4.4 EVALUATION OF PEDESTRIAN/MULTI-MODAL FACILITIES

When evaluating the existing conditions, make a separate evaluation of the site from the
perspective of pedestrians, bicyclists, handicapped persons and those using alternative forms of
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transportation (e.g., horseback, snowmobiles, ATVs). Clear delineation of the path these users
are intended to follow, supplemented with adequate signing and information placards, is another
important safety evaluation element of the roadway. Also refer to Section 9.3.16 and
Section 9.3.17.

8.4.4.1 Accessibility Requirements

Refer to the ADA Accessibility Guidelines for Buildings and Facilities (ADAAG) for design
guidelines.

8.4.4.2 Path Width/Accessibility

Where pedestrians are present, verify that the path for the pedestrian is clearly delineated. In
addition, observe the paths that pedestrians choose to take and review the safety of the
alternative routes. If any of these conditions are determined to be unsafe, positive pedestrian
barriers such as railings may be necessary to ensure safe pedestrian crossings and keep them
from crossing the roadway at hazardous locations.

The size of pedestrian facilities is volume dependent. The National Park Service uses many
useful resources for estimating visitor traffic. These should be reviewed when sizing the
sidewalk and pathway facilities.

8.4.4.3 Parking/Trails access from Roadways/Bridges

Pedestrians will generally use the shortest path of least resistance to reach their destination. If
their destination is visible, and a “short-cut” can be seen that will significantly reduce their
walking distance, given no other means of restriction, they may attempt to use the short-cut.
Ingress/egress from trails, comfort stations, parking facilities and buildings must be coordinated
with crosswalks and sidewalks.

If a sidewalk is not provided, the visitor may become resourceful and use other transportation
facilities to view or access their desired destination. For example, if a bridge crosses a beautiful
canyon and provides a unique photo opportunity, but does not have a sidewalk, most people will
simply walk on the roadway. While some environmental and historic restrictions could prevent
the structure from having a sidewalk, the designer must address how keep the pedestrian and
vehicular traffic separated. This will likely require discussions with the resource agencies, but
could reduce future safety implications if these concerns are addressed early in the design.

8.4.5 SAFETY EVALUATION COMPUTER PROGRAMS

Several computer programs are available to aide in the evaluation of the safety of an existing
roadway. While these programs work as a great tool, they should not be used as a replacement
of site evaluation and professional assessment.
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8.45.1 Interactive Highway Safety Design Model (IHSDM)

The IHSDM is a suite of software analysis tools for explicit, quantitative evaluation of safety and
operational effects of geometric design decisions during the highway design process. It
culminates a multiyear research and development effort conducted by the Federal Highway
Administration.

The IHSDM is intended for use throughout the highway design process from preliminary
planning and engineering through detailed design to final review for two-lane rural roads. It may
be used both for projects to improve existing roadways and for projects to construct new
roadways. The 2006 release of IHSDM has six evaluation modules:

Policy review,

Crash prediction,
Design consistency,
Driver/Vehicle
Intersection review, and
Traffic analysis.

Additional capabilities including evaluations of multilane rural highways are planned for future
releases.

8.4.5.2 Roadside Safety Analysis Program (RSAP)

Highways are designed to provide motorists with reasonable levels of protection against serious
run-off-the-road crashes. When hazards cannot be removed or relocated within the clear zone,
a determination needs to be made if a safety device is warranted to protect motorists from the
roadside obstacle. RSAP uses the concept of incremental benefit/cost analysis to weigh the
risk of death or injury to the motoring public against the initial cost of installing and maintaining
the safety improvement. Appendix A of the Roadside Design Guide provides a cost-effective
selection procedure for comparing alternative solutions to problem locations and instructions for
operating the Roadside Safety Analysis Program (RSAP) computer software. The annual cost
of each alternative is computed over a given period of time, taking into consideration initial
costs, maintenance costs and crash costs. Crash costs incurred by the motorist, including
vehicle damage and personal injury, are considered together with crash costs incurred by the
highway department or agency. The alternative with the least total cost is normally selected,
except when environmental or aesthetic considerations dictate otherwise.

The ability to easily vary input data allows the designer to explore various areas of sensitivity of
the analysis at a given location. The effects of current traffic and future traffic can be explored
to evaluate cost effectiveness over the design life of a project. Although most of the data
collected through research pertains to high-speed situations, the designer can analyze how
sensitive the cost effectiveness is with respect to the severity index. However, a correlation can
be made provided the designer recognizes that lower design/running speeds would lessen
severity. Use of this tool has been successful in persuading agencies to recognize the cost
effectiveness of selected safety feature applications.
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This program accesses research information by Kennedy-Hutcheson for high-volume roads and
Glennon for low-volume roads with roadway widths less than 28 ft [8.5 m]. The program shows
both annual cost comparison and present worth. Generally, the annual cost is used to facilitate
comparison of different alternatives with varying design life.

Refer to NCHRP Report 492, the RSAP Engineer’'s Manual, for more information.

8.4.5.3 Resurfacing Safety Resource Allocation Program (RSRAP)

Highway agencies face a dilemma in determining the appropriate balance of resurfacing and
safety improvement in their programs to maintain the structural integrity and ride quality of
highway pavement. RSRAP uses an optimization process based on integer programming to
determine the most cost-effective set of safety enhancements that achieve the optimal benefits
for a specified set of candidate resurfacing projects. In this way, RSRAP can maximize the
system wide safety benefits for a given set of resurfacing projects as a whole, rather than
maximizing the benefits at any particular site. RSRAP incorporates the best available estimates
of the safety effectiveness of specific geometric design and safety improvements.

8.4.6 ROAD SAFETY AUDITS

A Road Safety Audit (RSA) is a formal safety performance examination of an existing or future
road or intersection by an independent audit team. They can be performed during any stage of
project development from planning through construction and throughout the operation of the
completed facility. RSAs can also be used on any size project, from minor maintenance
assessments to major new program expansions. Typical improvements suggested include:

Removal of sight distance obstructions,
Addition/design changes to turn lanes,

Improvement to acceleration/deceleration lane design,
lllumination,

Median barrier placement,

Consideration of pedestrian’s ability to cross a street,
Improvements to superelevation,

Drainage improvements,

Roadway shoulder and lane width modifications,
Access management/consideration of driveways,
Realignment of intersection approaches, and
Improvements to signing and pavement marking.

The recommended procedure for conducting an RSA is as follows:

1. Audit Team. Following identification of a project or roadway that is to be evaluated,
select an interdisciplinary audit team to conduct the review. The team should consist of
three to five people from various design and operations disciplines including highway
design, traffic safety, traffic engineering, planning, geometric design, construction,
maintenance, human factors and enforcement.
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2.  Pre-Audit Meeting. Conduct a pre-audit meeting with the interdisciplinary team and the
Project Owner/Design Team to review available project drawings and site information,
including traffic and crash data.

3. Field Review. Consider field reviews under various conditions like during peak travel
times or at night. The team should have the willingness to investigate new ideas outside
the traditional scope of work.

4.  Audit Analysis. Analyze collisions, geometrics, operations, traffic conflicts, and human
factors and identify deficiencies. Select countermeasures and prepare a report listing the
team’s findings and recommendations.

5. Report Audit Findings. Present report and audit findings to the Project Owner/Design
Team.

6. Prepare Formal Response. The Project Owner/Design Team prepares a formal
response, incorporating the findings into the project when appropriate.

RSAs are different from traditional safety reviews because these multi-discipline team reviews
tend to be more proactive, considering all of the various types of road users that may be using
the facility and all of the factors that contribute to a crash. These reviews include day and night
field reviews by independent teams. The synergy created by these teams has resulted in more
safety implementation recommendations being recommended than in the past when only one
safety individual was responsible for the review.

8.4.7 SAFETY EVALUATION REPORT

After the accumulation of available data, this information and all observations must be
consolidated and documented in a Safety Evaluation Report. The results of the crash analysis
and the list of potential roadside hazards provide the input for this evaluation. From these two
sources, the designer should develop a composite list that locates and describes the identified
safety problems.

Alternatives for correcting the safety problems should be developed and evaluated for
effectiveness, cost and environmental impact. Alternatives may range from site-specific
improvements to total reconstruction. The evaluations, alternatives and the action selected
should be documented in the project files.
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8.5 SAFETY DESIGN

8.5.1 DESIGN EXCEPTIONS

Although often viewed as dictating a set of national standards, the AASHTO Green Book is
actually a series of guidelines on geometric design within which the designer has a range of
flexibility. As stated in the forward to this document:

“The intent of this policy is to provide guidance to the designer by referencing a
recommended range of values for critical dimensions. Sufficient flexibility is
permitted to encourage independent designs tailored to particular situations.”

While it provides guidance on the geometric dimensions of the roadway (e.g., travel lanes,
medians, shoulders, horizontal clearance, etc.), there are many aspects of design that are not
directly addressed in the Green Book. Despite the range of flexibility that exists with respect to
virtually all the major road design features, there are situations in which the application of even
the minimum criteria would result in unacceptably high costs or major impact on the adjacent
environment. For these instances, the design exception process allows for the use of criteria
lower than those specified as minimum acceptable values in the Green Book.

For a full discussion on the elements that must be addressed in a design exception, refer to
Section 9.1.3.

8.5.2 DEFINING THE CLEAR ZONE

A clear zone (L) is defined as the roadside border area (starting at the edge of the traveled
way) that is available for safe use by errant vehicles. The width of the clear zone is influenced
by the type and volume of traffic, speed, horizontal alignment and side slopes. Slopes steeper
than 1V:4H are non-recoverable and most vehicles will be unable to stop or return to the road
easily. See Exhibit 4.3-B as an example. Slopes steeper than 1V:3H are considered critical
since a vehicle is more likely to overturn. The need for traffic barriers as discussed in

environmentally acceptable, the clear zone width should be 